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(54) High bearing pressure-resistant member and production process therefor 



(57) A high bearing pressure-resistant member 
used as a rolling element forming part of a toroidal con- 
tinuously variable transmission for an automotive vehi- 
cle. The high bearing pressure-resistant member is 
formed of a mechanical structural steel containing Cr. 
The mechanical structural steel includes a matrix hav- 
ing at least one of martensite structure and bainite 
structure. Trie matrix contains carbide having a mean 
particle size of 3 urn or less, dispersed and precipitated 
in form of at least one of generally spheres and pseudo- 
spheres. 
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Description 
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SS ^l^Z^ToT^^TtZt m r T er ,ransmtes,on part ^ a hl9h *■« °' 

pres-re-resistentmS^ a " d ™ re P artfcu,art * I" » ^igh bearing 

for use under high bearing pressure I . semi high bearing pressure-resistant member that Is suitable 

range of from too to 300^) "^WmP^ure to hgh-temperature environments (of roughly within a 

steel represented by SCr420H ^^^ 77 ?^ ! 9 " S baSe material (maW *> mechanical structure 

m t* ^^ZSTXT^t^ 8,ee ' <chrom,urn - mo ,yWenum s,ee,) def,aad in 

15 HiomoK^^ *** - «■*» - P a <* used in. for exam- 

Sing £?re^o^^ M * 0r * a00n *~- * whteh *W ^« 

- . K?, MSO^TedTs"^ ua.ngstee.scontaln.ngcr, 

resistance and rolling fc^^JTSSSLTSTti k^" 9 ^ meth0dS reSU,t ""P^ment of pitting 
amounts of alloy eleme^n adXn to! fce SJ£^ high-temperature ranges, since these steels contain large 
Including decreLd ease ^T^xL^u^T T 1 beCOml " 9 hlgh ' there are also P robla ™ 

membera of the prior aT °' SUCh Pr0b,emS h8S been a t0 P to for h, 9 h b «*nng pressure 

30 

SUMMARY OF THF imvp M t,o M 

as liar techniques. ' * Ca " overcome drawbacks encountered in conventional sim- 

^P«i?5^ ?" imPTOVed h ' 9h beBrin9 P— -stant member 

fatigue strength such as pl^st^ pressure-resistant member has excellent surface 

bearing pressure such th'at .oca ^ 
* and decreases In cutting ease caused L,h^Z^,T inhibiting mcreases in base material cost 

o<«hepriorart.andno^^^ 

. a aLirsss sssri 8 , r bearin9 p*—**--* «** . s fo rmed 0 , 

martensite structure Z SSSSS ^22 ^kT' lnC ' UdeS 9 ^ ""^ at ,ea8t °" a * 
^edandp^ 

mechanical structure steelTontaininn r?£ S.M 9 - f rburiM,,on Warrant on a material member formed of a 
from 0.6 to l^fEiSJ SSSS^Si h 7 . rnembef 3 Carb ° n denS,t y withi " a ra "Se «>» 

an upper iimtt tempeSu^? Ifc^ 

30.Cr(wt-^ + 215.Mo(wW 400 WnlSy^lT 'T T*"*™ T = 675 + 120. S i(wt%) - 27. N i(wt%) I 
cooflng the cart^e-precSed IS * 8 " d J < c)aue K nchln 9 ,he carbide-precipitated material member by rapidly 
austenftephasetfomTed **' M<>mg "ember at a temperature a. which 

XL. T^l^ZTsl ZZSZSZFT- 8 T"" 01 Pr0dtiGin9a bi9h beari " 9 P^re-reslstan, 
a mechanics. ^WJto^rtS & I!" " Ca * Urization ,featmen ' °" a «*•*« ™*»er formed of 

within a range of from 0 6 tc 1 5% to ZiS, 1 ^ ?" Cafb ° n ° enS " y °' ,he •"«*■'*»' «~ctura. member is 
precipitation temperature Tp (4 halo 1^ « ^T^ 9 Cart>We " y ho,di "9 «"« ca *""^d materia, member at a 
mperature Tp ( C) having an upper limH temperature T (<>C) cateulated according to a first equation- T = 
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675 + 1 20 • Sl(%)- 27 • Nl(%)+ 30 • Cr(%) + 215* Mo<%)- 400 • V(%) based components of the material member for a 
time shorter than a time t (nr.) calculated according to a second equation: t SB iol ,ooocv f | >* a73 >- 2°) based on the precip- 
itation temperature Tp (°C); and (c) quenching the carbide-precipitated material member by rapidly cooling the carbide- 
precipitated member after holding the carbide-precipitated material member at at least one of a Ac, transformation tem- 
perature and a temperature (austenlte region temperature) at which austenlte phase is formed. 

BRI EF PESCRIPTION OF THE DRAWINGS 
[0011] 



w 



Fig. 1 is a schematic fragmentary perspective view showing the manner of a roller pitting test and the shape of a 
test piece applied in an embodiment of the present invention; 

Fig. 2 is a schematic illustration showing the outline of the thrust-type rolling fatigue test and the shape of the test 
piece applied in theembodiment of the present invention; 
is Figs. 3A to 3D are graphical representations of heat treatment conditions applied in embodiments of the present 
invention; 

Figs. 4E to 4G are graphical representations of heat treatment conditions applied in embodiments of the present 
Invention; 

Figs. 5H to 5K are graphical representations of heat treatment conditions applied In embodiments of the present 
20 Invention; 

Figs. 6L to 6N are graphical representations of heat treatment conditions applied in embodiments of the present 
invention; 

Fig. 7 Is a fragmentary sectional view of a toroidal continuously variable transmission box used in an endurance 
test in the embodiments of the present invention; 
25 Figs. 8A and 8B are enlarged fragmentary sectional views which respectively show the shapes of the inner and 
outer rings of a power roller and a disc for a toroidal continuously variable transmission; 

Rgs. 9A to 9D are graphical representations of heat treatment conditions applied in embodiments of the present 
invention; . . 

Rgs. 1 0E to 1 0G are graphical representations of heat treatment conditions applied In embodiments of the present 
30 invention; 

Rg. 11 Is a microphotograph (by an electron microscope) of a microstructure of a thrust-type test piece of Invention 
example 1 according to the present invention: and 

Fig. 12 is an image obtained by subjecting the microphotograph of Fig. 1 1 to image processing. 
35 DETAILED PESCRIPTION OF THE INVENTION 

[0012] Referring now to Figs. 1 through 8B, first mode of the high bearing pressure -resistant member accordinq to 
the present invention will be discussed. 

[001 3J According to the present invention, a high bearing pressure-resistant member is formed of a mechanical 
structural steel containing Cr. The mechanical structural steel includes a matrix having.at least one of martensite struc- 
ture and bamite structure. The matrix contains carbide having a mean particle size of 3 urn or less, dispersed and pre- 
cipitated in form of at least one of generally spheres and pseudo-spheres. The carbide includes M 23 C 6 -type carbide 
where M is a metal element. The form of spheres means generally spherical shapes, and the form of pseudo-spheres 
means deformed spherical shapes. 
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[0014] The high bearing pressure- resistant member can secure a high degree of hardness even at semi-high to 
high temperatures (generally 100 to 300 *C) and has excellent surface fatigue strength even under high bearing pres- 
sure such as local bearing pressure exceeds 3 GPa. Furthermore, In the present Invention, although the Cr is an alloy 
component that is required as an element that forms the carbide, and particular M 23 C 6 -type carbide, it is only required 
to be added at 1-4%, and does not cause an increase in the cost of the base material (matrix) or a decrease in cutting 



0015] Furthermore, examples of steels containing Cr that can be used include, according to JIS, chromium steel 
(SCr senes) defined in G 4104, chromium-molybdenum steel (SCM series) defined in G 4105, and nickel-chromium- 
mo^denum steel (SNCM series) defined in G 4103. In addition, examples of steels according to ASTM include 
A3B7GM1, Gr21 and Gr22 steels. Such steels serve as raw material (or material member) for the high bearing pres- 
sure-resistant member according to the present invention. 

[0016] The high bearing pressure-resistant member is formed by dispersing and precipitating microcarbides having 
a mean particle size of 3 um or less in the form of spheres or pseudo-spheres in a base (matrix) of martensite or bainite 
mechanical structural steel containing 1.2-3.2% Cr and 0.25-2.0% Mo, and therelore has excellent surface fatigue 
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JoySmZenUh 6 ""tT * ""f Furtha ™> re - •» Cr In the present Invention Is an 

alloy component that is required as an element that forms the carbide, and Darticular m r L „*J. » T 
required to be added within the above range, and does not cause an ^K^T^^^^ 
or a decrease .n cutting ease. It will be understood that used in this specification ? % bv wetaht' ESlfSX 
5 area ratio (rate). If the amount of this Cr is less than 1 .2%. the amount o f carbide oriLttpJ 2JI £ i! 

* ere b h ris * a da «««« m <="tt'"9 ease. In addition, addition of Mo simultaneous I TadSwon of Cr rSuttst 
stable precipitation of M 23 c 6 -type carbide. If the amount of Mo is less than 0.25% the effect of !Sb^«Z2L» 
cannot be expected. If the amount of Mo exceeds 2% however, cutting ease decreases 9 PrBC,pita, '° n 

10 £1 msJ^^T pres8Ure ; re ^ ,an » "ember »f the present invention, since its S content is 0.01% or less, 
although MnS-based inclusions are reduced and machinability decreases, a stable lono sendee life is „htehl .T 
amount of S exceeds 0.01 %. while MnS-based inclusions facLte cutting th^^ ^^^^f^^. 

xxxr** start,ns at Mns - based inc,usions «*< ~*« £» JU!^ i « 

" sSon at lel 9 «V^ 9 P ; ess ^ res 'f tarrt mamba ' <* *. present invention, since the amount of nitrogen solid 

L SUrfeC8 ,0 the SUrtaC6 fom,ed BWer fe wlthln 8 «We of from 0 01 to 

oi retic^ o«Sr ^ °' n "^ en ^ *" e " ect 0f Spreadin9 Acm l,nas into h '3" carbon regions the pn££aUon 

5 ^ 9 " ^ ,nCre8SeS Bnd tendS t0 decrease «"«"« * Palpitation 

the "Ibide^iTii!! 19 ! 1 t 9arin9 Pjeesure-resistant member of the present invention contains M^-type camide as 

Sv bvIer™ hi a 9 ^i e H r i n9 pressure - reslstant me mber of the present invention demonstrates Its characteristics par- 

bearing pres^ "^rhigh 
[00221 The fcl fell™ ^ZZ Z 1 a " d ""P" 0 ^ longevity of the apparatus in which it Is applied. 

23. for* >£S!!!X£^J1 8 h,9h bearin9 T"™*"* member of me preservation Is 
Derformino «rh^L«!°? 9 ^ Brir ' 9 P ressui1 e-resistant member. The production process comprises (a) 

S^'SSE treatmem °" 3 materia ' member f0,nied °' a mechanical structure! steJ I oontSSSStTtS 

tttetat 1 3^?SS2, , h f k 081,86,1 bV r0,,in9 C ° ntaCt - a,,0W8 106 PredP'tation of fine M 23 C 6 -type car 

K^7^^^=^«»^«^ and rolling 

•n^tfTSSK^IiS^li re, t" te : 9r ° Wth 8t 8 mean Partte,e Size tnat ~* 3 * m 'hereby 
although fnZftAS^Sr?' ? 6 00 Part,CU ' ar res,rlc " ons on tha method of camurization treatment, and 
erS J^oTc^rZZ. Ca l rt>Ur,Za,, °"- **** carburization or gas carburization can be used, it is preferable to 
ttSZEEZ^^ P r ible " Th ' S fe beC3USe - since ™»™ camurization and 

are no decreased ^nTar he^Ta ^12* r 9ra ? ^ ° Xida,i ° n ' Byer * n °' ,0rrned on the surface a "d there 
eeses near the surface in the densil.es of carb.de forming elements such as Cr. thus allowing carbide to be 
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formed down to the surface and making It difficult during treatment to form a Cr-based oxide film on the surface that 
inhibits carburization. 

[0024] As is previously described, although the Cr In the raw material steel in the present invention is an essential 
alloy component that forms carbide, and particularly M^-type carbide, Its amount added is preferably about 1 to 4% 
from the viewpoint of ensuring Its action while avoiding Increases In cost and decreased cutting ease. 
[0025] The above equation T that is used to calculate the upper limit value of the holding temperature for precipi- 
tating carbide was determined as a result of numerous experiments, and by holding the member after carburization 
treatment equal to or below temperature T (*C) calculated according to its alloy components, M 23 C 6 -type carbide is pre- 
cipitated. Since the mean particle size of Iv^Ce-type carbide is extremely minute at 1 urn or less, It is unlikely to be a 
source of stress concentration. Since it is also dispersed and precipitated within crystal grains of martensite or bainite 
it is resistant to softening at the semi-high and high temperatures, thereby ensuring high hardness. It is not always nee-' 
essary to hold until equilibrium with respect to the carbide precipitation treatment time, namely the holding time at tern- ■ 
perature T, and this time is selected to be within the range of about 10 minutes to 1 0 hours. In addition, it is preferable 
that the lower limit temperature of carbide precipitation treatment be 500<>C or higher from the viewpoint of productivity. 
[0026] At this time, If carbide precipitation treatment is performed at a temperature higher than temperature T <°C) 
calculated according to the alloy components, M^-type carbide is not precipitated and a solid solution structure 
results that prevents the obtaining of hardness. Consequently, pitting strength and rolling fatigue strength become inad- 
equate. 

[0027] If the holding time at the austenlte region temperature in the quenching step Is too long, precipitated carbide 
ends up returning to a solid solution in the carbide precipitation step. Consequently, a holding time from about 30 min- 
utes to 2 hours is suitable, and It Is preferable that treatment beyond 2 hours be avoided. 

[0028] Since the following production process of a high bearing pressure-resistant member of the present invention 
is also suitable for production of the above high bearing pressure-resistant member of the present invention. The pro- 
duction process consisting mainly of a carburization step, carbide precipitation step and quenching step, wherein car- 
burization treatment Is performed on a member comprising mechanical structural steel containing 1 .2 to 3.2% of Cr and 
0.25 2.0% of Mo, carburization treatment Is performed such that the surface carbon density is within a range of from 0 6 
to 1 .5% and the carbon density at the depth location of occurrence of the maximum shearing stress caused by rolling 
contact is within the range of 0.5% or more, carbide Is precipitated while holding the carburized member at a tempera- 
ture having for its upper limit temperature T (°C) as calculated from the above equation, and quenching is performed 
after holding at the austenite region temperature. Accordingly, the precipitation of coarse, reticular ft^C-type carbide at 
the surface layer portion that includes the depth location of maximum shearing stress caused by rolling contact Is inhib- 
ited microscopic M^Ce-type carbide that Is stable even at seml-hlgh and high temperatures Is precipitated, and the 
matrix after quenching becomes a martensite or bainite structure, thereby allowing the obtaining ol a high bearing pres- 
sure-resistant member that secures high hardness even at the seml-hlgh to high temperatures, and has excellent sur- 
ace fatigue strength such as pitting strength and rolling fatigue strength even under high bearing pressure such that 
local bearing pressure exceeds 3 GPa. 

[0029J Here, In the case the surface carbon density of the carburized layer is less than 0.6%, hardness can similarly 
not be secured, and conversely If the surface carbon density exceeds 1 .5%, there is increased susceptibility to preclp- 
rtation of M 3 C-type carbide that grows in a reticular form having a mean particle size in excess of 3 urn, thereby making 
this undesirable. In addition, in the case the carbon density at the depth location of maximum shearing stress caused 
by rolling contact is less than 0.5%, the carbide surface area ratio (rate) at this depth location (or surface area ratio of 
the precipitated carbide at the location of a depth of 0.1 mm, as discussed after) is unable to reach 0.3%, thereby falling 
to improve cold hardness or temper hardness and preventing the obtaining of adequate pitting strength and rolling 
fatigue strength. Furthermore, there are no particular restrictions on the carburization treatment method and although 
methods such as solid carburization, liquid carburization or gas carburization can be used, it is preferable to employ 
vacuum carburization or plasma carburization if possible. 

[0030] Although the Cr In the raw material steel in the present invention is an essential alloy component that forms 
carbide, and particularly M 23 C 6 -type carbide, as is previously mentioned, Its amount added is preferably about 1.2- 
3.2/* from the viewpoint of ensuring its action while avoiding increases in cost and decreased cutting ease. Although 
w°w / Sl0Ce additi ° n slmu,taneous to Cr a,,ows stable precipitation of M 23 C 6 -type carbide, If the amount of Mo 
added is less than 0.25%, stable precipitation of M^-type carbide cannot be expected, and if the amount added 
exceeds 2%, cutting ease tends to decrease. 

[0031] in the production process of a high bearing pressure-resistant member of the present invention, since con- 
ditions are used such that the ratio (Td/Tc) of diffusion temperature Td (<>C) following carburization to carburization tem- 
perature Tc (°C) when carburization treatment is performed by vacuum carburization or plasma carburization is within 
the range of from 1 .05 to 1 .25, reticular carbide precipitated at the grain boundary during carburization disappears eas- 
ily. It will be understood that diffusion of carbon is accomplished at the diffusion temperature, while carburization is 
accomplished at the carburization temperature. At this time, in the case the ratio of Td/Tc does not reach 1.05, it 



5 



EP 1 070 760 A2 



w 



15 



30 



35 



40 



45 



50 



that the cooling rate a, Ifc R^'SS^^''^^*^ 

Kslnce^ Pressureweslstant member, in add«.on to the above 

Eerico^^^^ - - P-nt .nvenuon - 

Cr and 0.6-1 .5% carbon at a temperatu e haClno ta t COmpo * ed °'™<*^ structural steel containing 

Hon. followed by performing 3^22^!^ ^" temperature T CQ calculated from the above equa- 
coarse. reticu^c^^^ temperature. Accordingly, precipitation of 

shearing stress causeiby rolling cStelnhSltea Z£Z%Z ?* C ° nt ?' nS ^ depth ,ocatlon °* ma **™«" 
to high temperatures (300-C orJSfe p ££S^.2E^*5 M^-type carbide that Is stable even at seml-hlgh 
the obtaining of a high bearing 7pSleZ^ lT B nL'T ^T* * martenSte » ereb y a »°™"8 

Penauresandhas excellent su^^ 

bearing pressure such ^ JS2!5^2K2rSS J^, "H'? 9 taH9Ue e ™ Unde ' hi 9 h 

of not requiring a carburizatlon step ' Wh " e 0b0 realiz,n9 low »*>***>•» cost as a result 

containing 1.2 , 0 3.2% of Cr. 0 25 to Z.STXZTo^toT^!f7^! °°T d °' mecha " ic «'«~ctura. steel 
perature T (-C) calculated from the above equatS 'and U'n^.na bv c^LT^ T'" 9 * Upper tem " 
reglon temperature. Accordingly, a cafcurization sL b LSSn ?JL 9 Pd * aftef h ° Wln9 at tne austen,te 
type carbide at the surface leyeTporttonTh^^^ required precipitation of coarse, reticular MgC- 

contact Is slmibrty inhibited. JS^S^i ^KJJSl ma * lmUm 8hearin * stresa ca "** * ">ft 
(300«C or less) Is precipitated and th unttfeHb^*. a k f T™ " the 6em ^ t0 nl9h *™Peratures 
of a high bearing pressure-resista^™*^ 

such as pHBngsfrength and rolling X^engTe^^ *** ^ *•"*>• 

exceeds 3 G Pa. 9 suengtn even under high beanng pressure, such that local bearing pressure 

SSL pitiSE prSaL* 2S 2T2 P t reS8Ure - re8btent a >™ nitridlng is performed on the 

nitride in Lid «J£%£S3tt SSo " * ' 0 6 ° n the member SUrtac « fe * 
Ing at the auetenite region teZe^ZeorZtoT e JZn If high ! >earin 8 Pleura-resistant member, since hold 
this step can be simpliSed ^^^^ente^, " T* 8imu,teneous to precipitation step, 

ature. thereby enabling cost to be^eduTed 9 '""P^ure coincides with the carbide precipitation temper: 

EMBoniMffrif-c - 

[0037, The fo.tow.ng prov.des a detaHerfexplanation of the present invention based on its embodiments. 
Embodlmft^ 7 

25. ^Z'^p^T^ssr s ? own ;; n H R9 - 1 (diametero ' ,ar9e — 01 - 

°'ameter portion L2I 51 

(diameter D4 = 60mm. thteknes ^2117 thrust-type rolling fatigue testing as shown in Fig. 2 

shown in Table ,. Then a^Zor^^ZrlT^ T?™*' «*« °' e8ch °' the ""-positions 

tempering accordhg to e^oS aching and 

-shed by grinding. Pies™ cart>ur,a,ion was used Z ZZZZZZeZ 1 h^me* " *"* ,eSt *~ ^ ^ 
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Table 1 











Chemical Composition (wt%) 


r 








Mri 

ivll 1 


S 


Ni 


Cr 


Mo 


V 


O 




A 


0.20 


1 00 




0.005 


2.0 


1.50 


1.50 


0.19 


Max. 1 2 ppm 


1032.5 


Q 




1 m 


U.JO 


0.004 


1.9 


1.95 


0.95 


0.20 


Max. 12 ppm 


927.65 




v.cXf 


I .UD 




0.003 


2.0 


2.55 


0.78 


0.21 


Max. 1 2 ppm 


907.2 


n 


U. Id 


1 .03 


0.39 


0.003 


2.1 


2.10 


0.70 


0.00 


Max. 12 ppm 


955.4 


c 




1.00 


0.35 


0.005 


2.2 


2.00 


0.29 


0.18 


Max. 12 ppm 


785.95 


c 
r 


ft HQ 

u. iy 


1.02 


0.40 


0.004 


1.1 


2.00 


0.69 


0.19 


Max. 12 ppm 


900.05 


u 


0.30 


0.49 


0.31 


0.009 


2.0 


1.95 


0.70 


0.20 


Max. 1 2 ppm 


608.6 


M 


0.22 


0.20 


0.65 


0.006 


0.01 


1.50 


0.25 


0.00 


Max. 12 ppm 


797.48 


1 


0.19 


0.22 


0.70 


0.003 


1.8 


0.50 


0.20 


0.00 


Max. 12 ppm 


710.8 


J 


0.18 


1.01 


0.29 


0.005 


2.0 


0.00 


0.03 


0.00 


Max. 12 ppm 


748.65 


K 


0.20 


1.00 


0.30 


0.004 


1.9 


0.00 


0.70 


0.00 


Max. 12 ppm 


894.2 


L 


1.00 


1.00 


0.30 


0.003 


2.0 


1.50 


1.50 


0.19 


Max. 1 2 ppm 


1032.5 


M 


1.30 


1.01 


0.35 


0.004 


1.9 


1.95 


0.95 


0.20 


Max. 12 ppm 


927.65 


N 


1.50 


0.49 


n *31 

U.O 1 


0.003 


2.0 


1.95 


0.70 


0.20 


Max. 1 2 ppm 


808.8 


O 


0.80 


0.50 


0.31 


0.005 


2.1 


2.10 


1.60 


0.19 


Max. 12 ppm 


1009.3 


P 


0.60 


1.03 


0.39 


0.005 


2.1 


2.10 


1.20 


0.00 


Max. 1 2 ppm 


1 062.9 


Q 


0.40 


1.00 


0.35 


0.006 


2.0 


2.00 


1.50 


0.20 


Max. 1 2 ppm 


1043.5 


R ' 


1.80 


1.10 


0.40 


0.003 


1.9 


2.10 


1.40 


0.20 


Max. 1 2 ppm 


1039.7 


S 


0.25 


1.00 


0.40 


0.003 


2 


1.20 


2.00 


0.00 


Max. 1 2 ppm 


1207 


T 


0.20 


1.10 


0.30 


0.004 


1.8 


3.20 


1.60 


0.00 


Max. 12 ppm 


1198.4 


V 


0.22 


0.50 


0.40 


0.003 


2 


0.50 


0.10 


0.00 


Max. 12 ppm 


717.5 


W 


0.20 


1.00 


0.30 


0.015 


2 


1.50 


1.60 


0.20 


Max. 12 ppm 


1 028.5 
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T « 675 + 1 20 • Sf(%) - 27 • Ni(%) + 30 • Cr(%) + 215- Mo(%) • 400 • V(%) 

[0039] As shown In Fig. 1 , a rolling pitting test was conducted under the conditions shown in Table 2 by combining 
small rollertest piece 1 and disk-shaped partner material 2 (diameter D3 = 130 mm, thickness tl = 18mm) to determine 
roller pitting time or the number of repetitions or rotations (times) until pitting occurred 



Table 2 



| Tester 


Roller pitting tester 


Bearing pressure 


3.2 GPa 


Slip ratio 


-40% [ 


Rotating speed 


1500 rpm 


Lubricating oil 


Transmission oil 


Oil temperature 


100°C 



\ 
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Tester 


Roller pitting tester 


Partner material 


SUJ2, quenched, tempered 


Note) ■ 

a) Roller pitting tester was produced by Komatsu Engineering Corp. 

b) "SUJ2" was high carbon chromium bearing steel according to JIS G 4805 

tlH ^l°rt WaS 3 f!??* Ce <%) * 8 ^0tat,0na, Speed °> f the ro,,ertest P |ece 1 to that of the disk- 
shaped partner material 2. 



IS 



20 



25 



[0040) In addition, with respect to the rolling fatigue test disk-shaoed rpot ™*n» q 

in ,ubr,ca,,n9 °" 4 usi " 9 a »™ 



Table 3 



35 



Tester 


Thrust-type rolling fatigue tester 


Bearing pressure 


5.23 G Pa 


Max. shearing stress depth 


Location at 0. t mm from surface 


Rotating speed 


2000 rpm 


Lubricating oil 


Transmission oil 


Oil temperature 


150°C 


Partner steel spheres 


SUJ2, 3/8-inch diameter, 3 spheres 


Note) - 

Thrust-type rolling fatigue tester was produced by Japan Tobacco 
Inc. 



40 



45 



SO 



55 



test piece extend ^ e u »e?m^ 

perpendicular to the fi^^S ™ ' ' I ° f °' mm and of se<?ond ^s-sectlon (of the test piece) 

^^^^^^^^^^ 

[0044J These results are shown in Tables 4 and 5. 
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Table 4 



5 


Classification 


Type of 
bteei 


Heat treat- 
ment con- 
ditions 


Surface 
carbon 
density 
(wt%) 


Carbon 
density at 
0. 1 mm 

(wt%) 


Nitrogen 
density at 
0,1 mm 
(wt%) 


Precipitate 
structure 


Prec. mean 
particle size 

\}UTl) 




Examples 
of the 


1 


A 


Fig. 3A 


1.0 ' 


0.9 




M23C0 


0.18 


10 


Invention 


2 


B 


Fig. 3A 


1.1 


1.0 


— 




0.21 






3 


C 


Fig. 3A 


1.0 


0.9 




^23^e 


0.22 


IS 




4 


D 


Fig. 3C 


1.4 


1.2 


- 


M3C 


0.28 




5 


E 


Fig.3A 


1.0 


0.9 




M 2 3C 6 


0.19 






6 


F 


Rg.3B 


1.1 


1.0 




M23C6 


0.25 






7 


G 


Rg.3A 


1.0 


0.9 




^23^6 


0.23 


20 




8 


A 


Rg.4E 


1.0 


0.9 




M23CQ 


0.21 






9 


A 


F»g-4F 


1.0 


0.9 




MoqCfi 


0.2 








L 


Flg.5H 


1.0 


1.0 




MooCc 
CO 0 


0.15 






i i 


M 


Fig.5H 


1.3 


1.3 




<o 0 


0.17 


25, 




IP 

1 c 


N 


Rg.5H 


1.5 


1.5 




Mo'aCcrl- 

M 3 C 


0.65 






13 


O 


Fig.5l 


0.8 


0.8 ! 




M23C6 


0.22 


30 




14 


P 


Fig.5J 


0.6 


0.6 






0.16 






15 


L 


Flg.5K 


1.0 


1.0 




^23^6 


0.15 






16 


S 


Rg.3A 


1.0 


0.9 


- 


^23^6 


0.19 






17 


T 


Rg.3A 


1.0 


0.9 


- 


M23CS 


0.12 


35 




16 


A 


Rg.6l 


1 


0.9 


- 


M23^6 


0.15 






19 


E 


Rg.6M 


0.9 


0.8 


- 


^23^6 


0.1 






20 


F 


Rg.6N 


1 


0.9 . 


0.3 


M 23 C 6 


0.18 ; 


40 




21 


Q 


Rg.5H 


0.4 


0.4 


- 


M23C6 


0.19 






22 


V 


" Rg.3A 


1.0 


0.9 




^23^6 


0.15 




Compara- 
tive Exam- 


1 


.A. 


Rg.3D 


•1.8 ' 


1.5 




M 3 C 


3.94 


45 


ples 


2 


\ H 


Rg.3C 


1.4 


1J2 




M 3 C 


3.54 




3 


I 


Fig.3C 


1.4 


1.2 




M 3 C 


3.45 






4 


J 


Rg.3A 


1.0 


0.9 




M 3 C 


3.44 






5 


K 


Fig.3A 


1.0 


0.9 




M 3 C 


3.23 


SO 




6 


A | 


Fig.4G 


1.0 


0.9 












7 


R 


Rg.SH 


1.8 | 


0.8 




M 3 C 


3.78 






8 


W 


Rg.3A 


1.0 


0.9 




M 23 C 6 


0.17 



55 
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Classification 



Type of Steel 



_ Tab,e 5 

Precipitate Hardness at I 300°C x 3 nr. 

surface I 0.1 mm (HV) temper hard- 
area ratio at nessato.1 
0.lmm(%)| | mm(HV) 




•Note) 

Internal origin separation starting at inclusions occurred 

havtn9 tor „ upper M , - eralure T ^sss2s rss ^rrrcii" 
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austenite region temperature of 850-C. quenching and tempering were performed. As a result, microscopic M^Ce-type 
carbide having a mean particle size of 0.3 urn or less was precipitated at a surface area ratio of about several percent 
to 30%, thereby resulting in a member having improved cold hardness and excellent hardness after tempering treat- 
ment for3 hours at 300-C (temper softness resistance), which was confirmed to drastically Improve pitting life and roll- 
ing fatigue life. 9 

[0046J Furthermore, under the heat treatment conditions shown in Rg. 3C. there was no carbide precipitation step 
observed in which the temperature is temporarily held at a low temperature following carburizetion treatment In com- 
parison with other heat treatment conditions. However, in invention example 4, since the steel type of symbol D shown 
In Table 1 was used for the raw material steel, upper limit temperature T for carbide precipitation as calculated from 
equation T was high at 955.5'C. Consequently. M^Ce-type carbide (with some M 3 C-type carbide) was finely precipi- 
tated during the time the temperature was held at the austenite temperature of 850°C for quenching following comple- 
tion of carburization treatment, allowing the obtaining of excellent cold hardness and temper softening resistance as 
well as satisfactory pitting life and rolling fatigue life. In other words, in the heat treatment In Invention example 4 the 
carbide precipitation step during which the temperature is held at a temperature having for its upper limit temperature 
T was performed while overlapping with the quenching temperature of 850°C. 

[0047] In addition, in Invention example 8. by extending the duration of the carbide precipitation step to 5 hours car- 
bide was precipitated until equilibrium (maximum), and since the duration of the subsequent holding at the austenite 
region temperature (850'C) was relatively short at only 30 minutes, the return to solid solution of the carbide was inhib- 
ited, thereby increasing the surface area ratio of M^Ce-type carbide, improving hardness and resulting In tong life In 
invention example 9. since the carbide precipitation step was conducted for 30 minutes at 650X and the holding time 
° * 8Urface area mti0 of <*rt*°e was observed to be lowerthan that of invention example 8 

0048) In Invention example 1 0, after performing carbide precipitation treatment for 5 hours at 650'C on steel hav- 
ing a base metal (matrix) C content of 1.0%. precipitating carbide to the equiflbrium state (maximum), holding the tem- 
perature at the austenite region temperature of 850»C for 30 minutes, performing quenching and then tempering, return 
of the precipitated carbide to solid solution was inhibited to increase the surface area ratio of M^C-type carbide 
mprove hardness and extend the life. In addition, in Invention example 1 1 on which similar heat treatment was per- 
formed on steel hevtng a base metal (matrix) C content of 1 .3%. since the amount of C of the base metal is greater than 
invention example 1 0. the surface area ratio of M^-type carbide increased, both cold hardness and temper hardness 
Improved and the life was extended Moreover, in Invention example 12 on which similar heat treatment was perfoimed 
on steel having a base metal (matrix) C content of 1.5%. although some MgC-type carbide was precipitated causing a 
^.^.h surface ,f rea rati0 <* MzaCe-type carbide, since a structure was obtained in which microscopic M23 C 6 - 
type carbide was i precpltated. the life was confirmed to be longer than the comparative examples described later 
[O049J in addition, in Invention example 1 3. in which carbide precipitation treatment for 30 minutes at 750"C. which 
correspond to a higher temperature and shorter duration than invention example 10. was performed on steel having a 
base metal (matnx) C content of 0.8%. followed by precipitation of carbide to the equilibrium state (maximum) and sim- 
ilarly quenching and tempering, since the base metal (matrix) C content is lower than invention example 10. the surface 
area ratio of M^Ce-type carbide resulting in decreases in cold hardness and temper hardness. However, the structure 
contained precipitates of microscopic M^Cg-type carbide, the life was longer than that of the comparative examples. In 
nventlon exemple 14. in which heat treatment was performed for 30 minutes at 8S0°C on steel having a base metal 
iTh ^""T °' °- 6% - Wh,le hold,n 9 the temperature at the austenite region during carbide precipitation treabnent. 
although the surface area ratio of M^Cg-type carbide was lowerthan invention example 10 resulting in lower cold hard- 

m^^!T r ^ a K" ln8SS l Ue t0 me '°* er ° OJ,,em 0< base metal (matri)! > C - since a st ~ c,ure wa * stained in which 
™T M^Cs-type carb.de is precipitated, life was confirmed to similarly be longer in comparison with the com- 
para uve examples. 

(0050) Moreover, in Invention example 1 5. after performing carbide precipitation treatment for 5 hours at 650"C on 
steel having a base metal (matrix) C content of 1.0% and precipitating carbide to an equilibrium state (maximum) In the 
same manner as mvention example 10 followed by heating for 8 seconds at a constant output of 200 KW and constant 
irequency of 10 kHz using a high-frequency heater, the structure was quenched in oil at 60"C. As a result, a structure 
similar to invention example 1 0 was obtained and was demonstrated to have long life. Furthermore, since heating and 
noW.ng limes are shortened considerably when high-frequency quenching is applied, heat treatment cost can be further 
reduced in comparison with invention example 10 in which carburization treatment is not perfoimed 
0051] With respect to the test pieces (high beering pressure members) perteining to invention examples 1 6 and 
i 7, after perform.ng carburization treatment on Gr-containing steel so that the surface carbon density was within the 
prescribed range of 0.6-1.5% and carbon density at the location of the depth of maximum shearing stress (the location 
of 0.1 mm beneath the surface) was 0.5% or more, carbide was precipitated by holding at the temperature having for 
its upper hrntt temperature T (°C) calculated based on equation T. After additionally holding at the austenite region tern- 
perature of 850 C. quenching and tempering treatment were performed. As a result, microscope M^Cg-type carbide 
having a mean particle size of 0.3 pm or less was precipitated at surface area ratios of 16% and 29%. Since this 
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20 



25 



c^rlVt^S^r nd 6XCe,,en, ,emP6r S ° ften,n9 reSl8ten ° e - P,Wn9 " te 8 " d «<* "™ 

KSni d^rT^T' 6 l 8 ;^ h,chca * ur,2aUonfreatmen,w asparfoaned under 

(Td/Tc) of diffusion temperature Td («C) to carburlzatlon temperature To (•« was 1 1 followed bv temoorarih, Ir^Z 

5 ESS? 1 ? T ,o , bB subJected ,o sas coo,,n9 < co °» ,n9 ■* 8o ^- • -filli £7!£KS££5 

precpiteted on the .oiling surface.and a structure was obtained in which M^C^e carbide ^Zl y ^^TZ 
tlK"? n n9th an ,t r0 " in9 tet ' 9Ue S,ren9th Were obtaIwd - m Inventton^ciS, 1^aner^rto2a^ a Sa«on 

ss^ u «nH r ^tr su ^ that ,he Td/Tc rati ° was 118 tonowed "y 3L** r«n?^ c35?S£ 

S^oc ?on^ P J? 9 ^ ' 0r 5 hOUr8 01 65 °* C> th8 ,ernperatUre was rabed * *■ "Stenite region te^era-' 
'!* £,£ 2Z2r?. to, . B "? AS 8 8 was »- was simitar to the case 

^Lna n c2Sii! n B , T , 7^ eX » BmP,e 2 ?: CarbonitrWin 9 was Petorraea by introducing ammonia gas into the fur- 
^.ni, . .f >tamp,e 21 ' 8ince CartJ,de P^Ptetlon treatment was performed for 5 hours at 650'C in the 
strength was LSbted In^enttt S5S?I, wlh H,?2! V 9 * ^ l0W8red - HoWever ' 9 00d *** 

f^nveln d SplerZe?eT 

and symbol I ItTo^S^T 9 T ,nvention exam P |e 4 - **» steel types of symbol H (T = 797.5»C) 
°nlyV-«yi^ 

55 Kr d c:rr a ^^ hardness 

SSL JSSSfSSr T7 te * ^ WWCh Stee ' haVin9 8 W9h S co " ,enl was «•* ft-e was a higher 
testing thereby pS^ST^,^ " M " S - b8Sed inc,usions in "-"VP. '°»>"9 «L 

that in the iKttTS^^JT? i*"! 9 *" CaS6 °' SUr1aCe ° ri9in Separa,l °" like 
pm.ng test, these inclusions had little effect and adequate pitting strength was able to be obtained, 



[0055] 

30 



35 
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• Embodiments 

[0081] Forging followed by rough machining were performed on steels A. D, E, H and L of the 22 types of steels 
shown in Table 1 so as to shape Input and output discs 13. 14 and inner and outer rings 16 and 17 of power roller 15 
for the toroidal continuously variable transmission as shown In Fig. 7 and Fig. 8A and 8B. Thereafter, heat treatment 
was performed the forged and roughly machined steels under the conditions shown in Figs. 3A through 6N. Shot-peen- 
ing was performed at the rectangular portion of the inner diameter hole at the apex of the disks (portion F In Fig. 8B) 
and at the rectangular portion of the inner diameter hole In the bearing groove of power roller Inner ring 16 (portion D 
in Fig. 8A) together with grinding ultra-finishing at those portions other than the sites at which shot-peening was per- 
formed. 

[00621 Next, these input and output discs 1 3 and 1 4 along with inner and outer rings 1 6 and 1 7 of power roller 15 
were combined, and an endurance test was performed using the toroidal continuously variable transmission box shown 
in Fig. 7 to evaluate the bending fatigue strength of discs 1 3 and 1 4 and power roller inner ring 1 6 according to the serv- 
ice life (bending fatigue life) until separation or cracking was made. Additionally, the rolling fatigue life of discs 13 and 
1 4 and power roller inner ring 1 6 was derived from the test results of the above-discussed rolling fatigue test. 
[0063J As a result, as shown In Table 6, the rolling elements according to invention examples 23, 24, 25 and 26 
(these respectively coincide with the combinations of steel types and heat treatment conditions of invention examples 
1, 4, 10 and 19 in Embodiment 1) had a structure in which ^Cg-type carbide was precipitated. Consequently, since 
the temper hardness at the rolling contact surface Is high, there Is resistance to plastic deformation even at high contact 
bearing pressures. In addition, since there Is high temper hardness even at the location of the depth of maximum shear- 
ing stress, there is little susceptibility to the occurrence of structural changes caused by rolling fatigue, thereby resulting 
In long life. 

[0064] On the other hand, in the rolling elements pertaining to comparative examples 9 and 1 0 (these coincide with 
the combinations of steel types and heat treatment conditions of comparative examples 1 and 2 in Embodiment 1 ),since 
M2aC 6 -type carbide is not precipitated, there Is increased susceptibility to plastic deformation at high contact bearing 
pressures, and separation was confirmed to occur easily. 
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Table 6 



Classi- 
I f icatioj 


1 Type oi 
* Steel 


H| Heat 
I Treat - 


Site 


~~] Shot- 
peening 


f Endurance test 


I inven- 




1 ment 
f Condi- 
1 tions 
1 Fio TS~ 




Rolling 
j fatigue 
life 


Bending 
fatigue 
life 


I tion ex. 
I 23 






A 
B 


T No 
No 


"1 i 

© 




I (Inven- 
I tion ex. 






1 C 
D 


1 No 
Yes 




O 


1 X) 






1 E 
j F 


No 
Yes 




O J 


j Inven - 
J tion ex. 
24 

I (Inven- 
I tion ex. 
I 4) 
Inven ~ 


1 D 


1 Fig. 3C 


1 A 
B 
C 

D . 
E 

! F 


No 
No 

J NO 
I Yes 
1 No 
1 Yes 


| ® 
J © 


O 1 
O J 


j tion ex. 
I 25 




[~Fi9. 5H 


A 
B 


No 
No 


I © 

© 




j ( Inven - 
I tion ex. 
J 10)) 1 
1 Inven- f 






C 

D i 
E ! 

F ! 


No 

Yes 1 
NO 
Yes 


© 
© 


A 

A j 


1 tion ex. I 
j 26 
1 (Inven- | 
1 tion ex. J 
1 19) 


E 


Fig. 6M 


" * 1 

B 
C 
D 

E 1 

r . j 


No" | 
No 

NO ( 
Yes 
No 

Yes 1 


© 
© 
© 

© 


A 

A j 


tive ex. 
9 

1 (Compar- 1 
J ative 
ex. l) 

compara- 


A I 


Fig. 3D J 


A 

B ( 

C 
D 
E 

F 1 


No J 
No 
No 
Yes 
No 

Yes I 


A 
A 
A 

A 


A 1 
A J 


tive ex. 
10 

(Compax- 


H 


Fig. 3C 1 


^ T 
B 

C 

D j 


No J 
No j 
No j 

Yes 


A 
A 
A 


O 




Mote) @ indicates excellent evaluation; O indicates better 
evaluation: and A indicates good evaluation. 
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Embodiment 3 

[0065] After performing lathe turning and gear cutting using steels A, D, E, H and L shown in Table 1 In the same 
manner as Embodiment 2, heat treatment was performed on each steel by combining with the same conditions as 
Embodiment 2 followed by shot-peening and grinding to obtain the gears having the specifications shown in Table 7. 



Table 7 



Type of test gear 


Spiral bevel gear 


Module 


3.87 


Pressure angle 


17.5° 


Number of teeth 


. 21 


Spiral angle 


15° 


Standard pitch circle 


84.1 mm 



[0066] An anti-pttting test was then performed using a power circulating type of gear pitting tester based on the con- 
ditions of a Hertz bearing pressure at the gear pitting point of 2.0 GPa, test gear rotating speed of 1000 rpm, automatic 
transmission fluid (ATF) for the oil type and an oil temperature of 120°C. Pitting life was evaluated in terms of the total 
number of rotations until the surface area of separation caused by pitting that occurred on the tooth surfaces of the test 
gear reached a surface area equivalent to 3% of the effective meshing surface area of the entire gear. 
[0067] As shown in Table 8, in the gears produced by invention examples 27, .28, 29 and 30 (equivalent to the com- 
binations of invention examples 1, 4, 10 and 19 in Embodiment 1), since M 2 3C 6 -type carbide was finely dispersed and 
high hardness was maintained even after tempering, pitting life improved considerably. On the other hand, in the case 
of the gears produced according to comparative examples 11 and 12 (equivalent to the combinations of comparative 
examples 1 and 2 in Embodiment 1), since the structure did not contain precipitation of M 23 C 6 -type carbide, temper 
hardness was low and pitting occurred easily. 



Table 8 



Classification 


Type of Steel 


Heat Treatment 


Arc Height (mm) 


Pitting Life 


Invention example 25 (Invention 
example 1) 


A 


Rg. 3A 


1.1 


Surpassed 1 xl 0 7 times 


Invention example 26. (Invention 
example 4) 


D 


Rg. 3C 


0.95 


Surpassed 1 x10 7 times 


Invention example 27 (Invention 
example 10) 


L 


Rg. 5H 


1.02 


Surpassed 1x10 7 times 


Invention example 28 (Invention 
example 19) 


• E- 


Rg. 6M 


1.08 


Surpassed 1x10 7 times 


Comparative example 13 
(Cbmp. example 1) 


A 


Rg. 30 


0.98 


5.7x1 0 6 times 


Comparative example 14 
(Comp. Example 2) 


H 


Rg. 3C 


1.1 


1.5x10 6 times 


Note) 

Arc height indicates intensity of shot-peening and corresponds to height of warp of thin sheet under shot-peening. 



(0068] Next, second mode of the high bearing pressure -resistant member according to the present invention wiil be 
discussed with reference to Rgs. 1 and 2, and Rgs. 7 through 10G. 

[0069] As is previously described, a high bearing pressure-resistant member such as a toroidal continuously vari- 
able transmission in the form of disk and power roller makes rofling contact under a harsh environment of high speed 
and high temperature while being subjected to a heavy load. This environment is becoming increasing harsh accompa- 
nying reduced size and higher capacities of transmissions and power transfer units using such high bearing pressure 
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members. As a result, the rolling portions of these members (for example, the traction surfaces and bearing grooves in 
the case of discs and power rollers) are required to be resistant to the Internal origin separation caused by rollinq fatiaue 
as well as high rolling fatigue strength. 

[0070J In the case of performing ordinary carburization or carbonitriding on such a high bearing pressure member 
s the base material (matrix) takes on a martensite or balnlte structure and there is hardly any carbide present In contrast' 
when the base material (matrix) of the high bearing pressure-resistant member includes a martensite and/or bainitJ 
structure and contains microscopic carbide having a mean particle size of 3 u.m or less Is dispersed and precipitated in 
the form of spheres or pseudo-spheres In this base material, room temperature hardness of the high bearing pressure- 
resistant member increases, reductions in hardness under high temperatures of the same are inhibited and internal ori- 
io gin rolling fatigue life of the same is improved. Moreover, it is preferable that the high bearing pressure-resistant mem- 
ber includes a biphasic structure provided with a first phase composed of martensite and/or bainite that is substantially 
free of carbide, and a second phase in which microscopic carbide is dispersed and precipitated in the form of spheres 
or pseudo-spheres in the manner described above in the base material (matrix) having a martensite and/or bainite 
structure. As a result, the high bearing pressure-resistant member has both higher rolling fatigue strength and bending 
is fatigue strength than a case where carbide are uniformly precipitated throughout the entire region. However, In the case 
the mean particle size of the carbide in the second phase region exceeds 3 pum or the carbide Is precipitated ^reticular 
form Instead of In the form of spheres or pseudo-spheres, although room temperature hardness and high-temperature 
softening resistance are Improved, the action of improving rolling fatigue life decreases because the precipitated car- 
bide acts as a source of stress concentration resulting In Increased susceptibility of the formation of crack starting points 
so and propagation routes. 

[0071] M^Ce-type carbide containing Cr is more preferable than MaC-type carbide for use as the carbide at this 
time since it tends to be stable even during rolling fatigue at high temperatures, Inhibit decreases In hardness, and 
Improve rolling fatigue We by delaying changes in the internal structure. 

[0072] In addition. It is also preferable that the surface area ratio of the above carbide In the second phase region 
be within the range of 0.3-30% relative to the total area of the first and second phase region. Namely, in the case the 
surface area ratio of carbide in the second phase region Is less than 0.3%, inhibition 6f high-temperature softening and 
the action of delaying structural changes are inadequately obtained. Conversely, In the case the surface area ratio 
exceeds 30%, decreases in alloy elements and carbon density in the base materia] (matrix) are made and therefore 
invite decreased hardness of the base material, thereby tending to prevent adequate improvement of rolling fatigue life 
[0073] Moreover, it is preferable that the S content be 0.01% or less. If this is done, although MnS-based Inclusions 
are reduced and machlnabiltty decreases, a stable, long service life is obtained. If the amount of S exceeds 0.01% 
anhough MnS-based Inclusions facilitate cutting, the probability of the occurrence of Internal origin separation starting 
at MnS-based inclusions under rolling contact Increases, making It difficult to obtain a stable service life. 
[0074] In the high bearing pressure- resistant member of the present invention, since the amount of nitrogen solid 
solution in its surface (after final grinding) is within a range of from 0.01 to 0.5%. and solid solutions of nitrogen have 
the effect of spreading Acm lines into high carbon regions, the precipitation of reticular carbide is prevented by adding 
at 0.01% or more. However, if the amount of nitrogen solid solution exceeds 0.5%, the amount of nitrogen solid solution 
in the matrix increases and tends to decrease the amount of precipitation of M 23 C 6 -type carbide. 
[0075] In the high bearing pressure-resistant member of the present invention, since the surface carbon density at 
the site subjected to rolling fatigue caused by rolling contact is within a range of from 0.6 to 1.5%, a high degree of 
stamgth is maintained and fatigue strength is improved. In the case the carbon density at this time-is less than 0.6% 
since the carbide surface area ratio in .the second phase cannot be secured, hardness can no longer be maintained! 
Conversely. If the surface carbon density exceeds 1 .5%, there Is greater susceptibility to precipitation of M 3 C-type car- 
bide, and this tends to grow in reticular form at a mean particle size in excess of 3 um 

[0076] The high bearing pressure-resistant member of the present Invention Is suitably applied in the rolling ele- 
ments of a toroidal continuously variable transmission, namely the discs or power rollers of a toroidal continuously var- 
iable transmission, and contributes to reduced size, Increased capacity and extension of service life of the toroidal 
continuously variable transmission. 

[0077] As is previously described, both rolling fatigue strength and bending fatigue strength is preferable to be real- 
zed in the discs and power rollers of toroidal continuously variable transmissions. Moreover, those demand character- 
stlcs are not necessarily uniform, and each differ depending on the site of each rolling element. This will be discussed 
In detail with reference to Figs. 7. 8A and 8B. 

[0078] Namely, with respect to those sites subjected to rolling fatigue caused by a repetitive load of shearing stress 
as in the traction surface of input and output discs (portion E in Fig. 8B), the traction surface of power rollers (portion A 
"I . u d beaHn9 9r ° 0VeS borons B and C in Fig. 8A). it is preferable that the surface area ratio of the second 
phase In which carbide is finely dispersed and precipitated be 3% or more, and more preferably 50% or more at least 
in the surface portion at that site down to the depth of occurrence of maximum shearing stress. As a result, the internal 
origin rolling fatigue strength is improved and rolling fatigue life is extended. Moreover, it is preferable that the carbon 
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density be 0.5% or more at the above-mentioned site since this results In adequate pitting strength and rolling fatigue 
strength Furthermore. In the case the carbon density is less than 0.5%. it is not possible to secure the carbide surface 
area ratio at the location of the depth of occurrence of maximum shearing stress caused by rolling contact and this 
tends to make It difficult to improve cold hardness and temper hardness. 

[0079J In addition, with respect to those sites requiring resistance to intrusion of foreign matter as a result of being 
sensitive to the starting points of surface indentations caused by intrusion of foreign matter since the contact ellipse 
becomes smaller than the traction surface as in the bearing grooves of the power rollers (portions B and C of Fig 8A) 

** the SUrtHCe 8rea rat '° °' the Second phase ,n whlcn ca * We ls fine| y Aspersed and precipitated be 
J. It °, werTnost surtace - and more Preferably within the range of from 50 to 80%. As a result, the first phase 
which has lower hardness and a large amount of residual austenlte than the second phase, alleviates stress concen- 
tration of indentations on the uppermost surface and improves resistance to the intrusion of foreign matter. 
[0080] Moreover, with respect to those sites which, although not make rolling contact, are subjected to bending 
fatigue due to the repetitive loed of bending stress as In the rectangular portion of the inner diameter hole at the apelc 
of the Input and output discs (portion F in Fig. 8B) and the rectangular portion of the inner diameter hole of the bearing 
grooves of the power roller Inner ring (portion D in Fig. 8A). It is preferable that the surface area ratio of the above sec- 
ond phase be 90% or less, and more preferably 30% or less at the uppermost surface, and that shot-peenlng be per- 
formed. As a result, machining-lnduced transformation and residual compression stress of the first phase occur at said 
sites leading to improved bending fatigue strength. Furthermore. If the surface area ratio of the second phase at this 
time exceeds 90%. in addition to it being easierforthe carbide dispersed in the secondphase to act as the starting point 
or propagation route for cracks, the machining-induced transformation of the first phase becomes Inadequate, and 
here Is Increased susceptibility to the formation of microscopic cracks during shot-peenlng. which tends to decrease 
the amount of Improvement in bending fatigue strength. 

!" ^ * h ' 9h b6arin9 P re ssure-resistant member of the present Invention, the blphaslc structure Including the 
first phase having a martensite andrcr bainite structure that is substantially free of precipitation of carbide, end the sec- 
k2i„h WhlCh Ca *' de te finely dis P ersed a " d Precipitated in the base material (matrix) having a martensite and/or 

Zl " I T* * P rec, P fta,,n 9 carbide by holding at a prescribed temperature for a prescribed period of 
7Z.Tr !^ Brf0fm !" 9 carburizatton treatment on mechanical structural steel containing carbide forming elements 
and Mo, or without performing carburization treatment by using mechanical structural steel containing a pre- 
r° U ^ , ' e " < ' uencnina bv heatln 9 ™ d holding at the austenlte region temperature and finally per- 
tem P eri "9 ,reah ^ ent - At thb *""*. *• ^rface area ratio of the second phase can be controlled by adjusting the 
D 25JE£? ^ ^ cart>urization treatment adjusting the holding temperature and holding time in the carbide 
Z?» T» <T P ' a T? n9 the h0,dln9 ter "P erature a "« holding time at the austenlte region temperature. The sur- 
h£L, « i ! ^ P beC ° meS lar9er " 88 tha surtace carbon density by carburlzatlon treatment becomes 
betm^hpr 0 !^ T^T"*. * thB Cart>We P rec, P totten h^^S higher, as the longer the holding time 
~ n £ her ' or 88 tha , h0 temperature In the austentte region prior to quenching becomes tower. 
oroStion ofT» £ H ° 9 prodUC,ion P roce6S 01 the high bearing pressure-resistant member is suitable for the 
1 T 9 P ressure - resistant "ember of the present invention. The production process comprises 
S 1 1?^ 9 ca,bu " zatlon trea,mant a serial member formed of a mechanical structural steel containing Cr so 
lrln.L«„ ° f the mecnanical Structural ma ""»er Is within a range of from 0.6 to 1 .5% by weight; (b) 

KE22£^& h ^ CafbUrlZed materia ' member * 8 Puliation temperature Tp (-C) having an uppe 
JS-EXTE. EfT aCC ° rdin9 l ° 8 «^ a ^ a «on: T= 675 * 120. S i(%) - 27.Ni(%) ♦ SO-C^S) + 
jLrZi Z.' ' I 0 ■ C0mpOn M2S ( vV , the , ma,e j2 al rnember ,or a time sh <>rtar than a time t (hr.) calculated 
5L'Z£ 6qU T? : w = 10 * ' ' b8Sed °" *• Precipitation temperature Tp ( 'c ): and (c) 

,hP oflii '^r* - material membef * rapid,y C00lin9 ,ne carbide-precipitated member after hording 
austent reS TT T*" " " ^ ° f 8 A °' temperature and a temperature 

(austenlte region temperature) at wh.ch austentte phase is formed. Consequently, this production process for the high 

ZZSEZTTT* "J™"*" innibitS ,he P^'P'tat'on of coarse, reticular M 3 C-type carbide in the surface portion 
lh«^ 5S L ^. a | t ' 0n °' maXimUm Shearin9 stress de P th caused by rolling contact, allows the obtaining of a first 
wh t h K Carb,de u ' s subs tanUally not precipitated, and a second phase in which fine M^Ce-type carbide that is 
hi.T ? ,he f m, - h, 9 h u t0 h, 9 h temperatures is precipttated and the matrix after quenching has a martensite and/or ' 
ba Intte structure. As a result, the high bearing pressure-resistant member is obtained that secures high hardness even 

^oL S ^t^ 9h TTT^ eS ,' 8nd h8S eXCe " e " t SUrface ,aHsue 8tre "9th such as pitting strength and rolling 
3 strength even under high bearing pressure such that local bearing pressure exceeds 3 GPa 
0083) At this time, in the case the surface carbon density of the carburized layer is less than 0.6%. it is not possible 
to secure hardness Conversely, in the case the surface carbon density exceeds 1 .5%. there is increased susceptibility 
to precip.tet.on of M 3 C-type carbide, and there Is reticular growth at a mean particle size that exceeds 3 um thereby 
making this undesirable. Furthermore, there are no particular restrictions on the method of carburization treatment and 
although methods such as solid carburization. liquid carburization or gas carburization can be used, it is preterable to 
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20 



25 



employ vacuum carburteation or plasma carburization u nnecihi* Thu u u 

» E LiStvas ZSSZ T V?" ,0 Ca ' CU,ate th8 " Pper rmh Va,ue °» "» holt «"9 temperature for prectp,- 

StewS^ t0 e<,Uat,on « ^Pond.ng to the above-menLed 

EaTweS^l.S " b discontinued prior to reaching equilibrium. In addition. It Is preferable 

00861 M ^£ »c^ nVZ« P ™ treatmem be 550 ° C or "Tflher torn the vlewpoin of product^ 
cafculited £2SI^ iSTSS preClpta,,0n trea,men, te Performed at a temperature higher than temperature T(«C 

T is 600«C t teMorr^mitob i k k . !' exarn P |e . * is approximately 58 hours when holding temperature 
roossi ai«T^ P re,erable m at treatment beyond 2 hours be avoided. 

of a carburtzXnVteo InSSZVSlX t 9 P ressure - re8ls,a "t member of the present invention, consisting mainly 

35 or more. 'arblS b p«SS ^KSS^l^S^""^^ n ^ COn,,,0t b W,thi " the ran ° a of 0S * 
its upper Omit tempe'Sf? ^fiTa^SK^S "TS" " * 0™**°*™ temperature Tp (-C) having for 

E^JeTandc^ 

■ itationof M3 C 1S% ' ' here ,S ' n0reaSed ^eptbilhy to preclpl 
this undesirable In addZ, In ff case me c a to„Tn K t 7.K "V 68 " P f rtide slze ««"» «>' 3 thereby making . 
« by rolling contact Is less than o s? °Z ^ rt me depth location °' maximum shearing stress caused 

falling imC£ a££2l! \ *J de SUrfaCe 8rea ratio at th,s ""P* ,OCB,lon te ""able to reach 0.3%. thereby 
InfCe Sgm dneSS ° f ,emP8f ^ preV8n,,n0 ,ha * a ^"«e pitting strength and 2 

Ech as^lWcTS^ou^ Par ' fcu,a 7 estric,to » s o" *• carburization treatmen. method and although meth- 

Se. ano S^^TSST S,eel ^ ,nVen,i ° n iS a " — a "^ »* — 

3 2% from ITS ^Ce-type carbide, as is previously mentioned, its amount added is preferably about 1 2 to 

MoTs 2£ iE2S£ 252 » f? " 7* aV ° idin9 inCreaS6S — a(1d deCraased cu "'"9 ease 
55 added is I ss Than 0 25% 1 fT?* ^ italion * ^type cerbide. if the amount ol Mo 

«e^a«.cX^t.^SSr n " 6 * ,ype Cart>We cann °' be axpec,ed ' and " the amoum addad 

SS are tSlS^STl! * member of the present inven.ion. since con- 

torts are preferably used such that the ratio (Td/Tc) of diffusion temperature Td fC) following carburizatlon to carbu- 
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rizatlon temperature Tc ( 6 C) when carburlzatlon treatment is performed by vacuum carburization or plasma 
carburization Is within the range of from 1 .05 to 1 .25, reticular carbide precipitated at the grain boundary during carbu- 
rization disappears easily. At this time, In the case the ratio of Td/Tc does not reach 1 .05, it become difficult to obtain 
this effect In addition, the higher the temperature of diffusion, the larger the diffusion coefficient of carbon inside. This 
facilitates the disappearance of reticular carbide. However, in case that the ratio of Td/Tc exceeds 1 .25, there is melting 
of the steel surface, and therefore it is preferable that the upper limit of this ratio be 1.25. 

[0093] On the other hand, if the cooling rate urttil the intermediate holding step (carbide precipitation step) following 
carburization diffusion is too slow, supersaturated carbon is likely to be precipitated in reticular form at the grain bound- 
ary. Accordingly, it is preferable that the cooling rate at this time be 1 0*C/minute or more. Preferable methods for achiev- 
ing a cooling rate of 10°C/minute or more include gas cooling to the Intermediate holding temperature in a carburization 
diffusion chamber, transferring to a cooling chamber outside the carburization diffusion chamber and lowering to the 
intermediate holding temperature, and temporarily quenching after carburization diffusion followed by heating to the 
intermediate holding temperature. 

[0094] Moreover, in the production process of the high bearing pressure-resistant member, in addition to the above 
steps, nitriding is performed either simultaneous to carburization (carburization nltridlng) or following completion of car- 
burization, and therefore precipitation of reticular carbide is prevented by nitrogen in solid solution. 
[0095] Since the production process of the high bearing pressure-resistant member of the present invention pref- 
erably Includes precipitating carbide while holding a member (material member) composed of mechanical structural 
steel containing Cr and 0.6 1 .5% of carbon at a precipitation temperature Tp (*C) having for Its upper limit temperature 
T CC) calculated from the above first equation for an amount of time shorter than time t (hr.) calcurated according to the 
above second equation, followed by performing quenching after holding at the austenite region temperature. As a 
result, precipitation of coarse, reticular M 3 C-type carbide (cementlte) at the surface layer portion that contains the depth 
location of maximum shearing stress caused by rolling contact Is Inhibited so that microscopic M 2 3 c 6- t yP e carbide that 
is stable even at the semi-high to high temperatures (300°C or less) Is precipitated and the matrix becomes a marten- 
site structure. This allows the obtaining of a similar biphasic structure and the obtaining of the high bearing pressure- 
resistant member that has excellent surface fatigue strength such as pitting strength and rolling fatigue strength, while 
also realizing low production cost as a result of not requiring a caiburization step. 

[0096] Since the production process of the high bearing pressure-resistant member of the present invention pref- 
erably includes precipitating carbide by holding a member composed of mechanicaJ structural steel containing 1.2 to 
3.2% of Cr, 0.25 to 2.0% of Mo and 0.6 to 1 .5% of C at a precipitation temperature Tp (°C) having for Its upper limit tem- 
perature T (°C) calculated from the above first equation for an amount of time shorter than time t (hr.) calculated accord- 
ing to the above second equation, and quenching by cooling rapidly after holding at the austentte region temperature. 
In this production process, a carburization step is similarly not required, and precipitation of coarse, reticular M 3 C-type 
carbide at the surface layer portion that contains the depth location of maximum shearing stress caused by rolling con- 
tact is similarly inhibited. Additionally, a biphasic structure is obtained consisting of a first phase that does not contain 
carbide and a second phase in which microscopic carbide is precipitated in a matrix consisting of martenslte and/or 
bainlte. Consequently, a high bearing pressure-resistant member can be inexpensively obtained that secures high 
hardness and has excellent surface fatigue strength such as pitting strength and rolling fatigue strength even under high 
bearing pressure. 

[0097] In the production process of the high bearing pressure-resistant member, since nitriding is preferably per- 
formed on the member (material member) in addition to the above, precipitation of reticular carbide on the member sur- 
face is inhibited by nitrogen in solid solution. Furthermore, the nitriding treatment at this time may be performed before 
or after the carbide precipitation step. In the production process of the high bearing pressure-resistant member, since 
holding at the austenite region temperature prior to quenching is preferably performed simultaneous to the carbide pre- 
cipitation step, this step can be simplified in the case the austenite region temperature coincides with the carbide pre- 
cipitation temperature, thereby enabling cost to be reduced. 

EMBODIMENT S 

[0098] The following provides a detailed explanation of the present invention based on its embodiments. 
Embodiment 4 

[0099] Small roller test piece 1 for roller pitting testing as shown in Fig. 1 (diameter of large diameter portion D1 = 
26 mnr), length of large diameter portion LI = 28 mm, diameter of small diameter portion D2 = 24 mm and length of small 
diameter portion L2 = 51 mm), and disk-shaped test piece 3 for thrust-type rolling fatigue testing as shown in Fig. 2 
(diameter D4 = 60 mm, thickness t2 = 5 mm) were cut out using mechanical structural steel of each of the compositions 
shown in Table 9. Then, after performing carburization or carbonitriding, carbide precipitation treatment, quenching and 
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T^l^^ 10 e,thBr ° f the C ° ndlt,0nS ln R9S - 9A throu 9 h 1 0G > the 8Urta <* of each test piece was fin- 
ished by grinding. Plasma carburlzation was used for the cartourizatlon method at this time. 



Table 9 



is 



20 



'Note) 



Type of Steel 




Chemical Composition (wt%) 


T 




C 


SI 


Mn 


P 


S 


Ni 


Cr 


Mo 


V 




1A 


0.20 


• 0.25 


0.30 


0.015 


0.009 


1.9 


2.00 


0.70 


0.20 


784.2 


IB 


0.20 


0.25 


0.80 


0.015 


0.009 




1.10 


0.15 




770.25 


1C 


1.00 


0.25 


0.30 


0.015 


0.003 


2.0 


2.00 


0.70 


0.19 


785.5 


1D 


0.60 


1.03 


0.39 


0.013 


0.005 


2.1 


2.10 


1.20 


0.00 


1062.9 


1E 


0.40 


1.00 


0.35 


0.015 


0.006 


2.0 


2.00 


1.50 


0.20 


1043.5 


1F 


1.80 


1.10 


0.40 


0.014 


0.003 


1.9 


2.10 


1.40 


0.20 


1039.7 


1G 


0.20 


1.00 


0.30 


0.015 


0.015 I 


2 


1.50 


1.50 


0.20 


102&5 



T - 675 + 120 • Sl(%) - 27 • Ni(%) + 30 » Cf(%) + 215 • Mo(%) - 400 . V(%) 
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S oller^s 72* T I 5 P*^* was conducted under the condWons shown In Table 2 by combining 
r^r V and f k - sh ^ ed P a ^ erm « e rial2(dlameterD3= 130 mm. thickness tl = 18 mm) to determine 

roller pitting tow or the number of repetitions or rotations (times) until pitting occurred. ' IOae,erm,ne 

materL wl c^ 1? 7ZT*J° "? ro " ln9 fati9U8 ^ •"-h-P* ^ P^e 3 and three spheres 5 as partner 
life.(LSO) of dek-shaped test piece 3 was determined as follows: Five rolling fatigue tests were repeated to obtain te« 
resu to number (times) of turning of three spheres 5 along the periphery of disk sCtdTesTpTele 3 m a «me wnen 
S °, r P 66 ' "9 °« u 7 d »«*»• »• conditions shown In Tab.e 3 TtL five testrLfts were^ed na£ 

* «* * «* - - above 25 

1 foss-sectlon of the thrust-type test piece obtained in the above manner was corroded with an alcohol 

t h e t e a? ZSSSi Bfter tekl " 9 m,cro P hoto ^ hs * 1 °.°00 magnifications o, flrst croisec^n o 
™ ^ 9 11,8 up P ermost surface to a depth of 0.1 mm and of second cross-section (of the test 
^ZSS^JT TX?~> CrOSS - SeCaon * U81 "9 8 8 «™>"9 *d»n microscope. The second crosl 
th TnJL ™ y ^ Pth °' °- 1 mm °' ,he test P fece - Thereafter, mean particle size of the precipitated carbide at 
Z E£S^J2T ^rr* <rate) ° f ,he PreC,Dltated Ca * ide at "» ~— crossSotlTrTeas 
f^areerB^tl^^ 

Tace area ratio (rate, %)of carbon in the second phase was measured 

XvwL m^HSr """J?* U l pp ° m,ost surface of 1,16 test P ie <* to a depth of 0. 1 mm were sampled, and carbon den- 
?? 0nSin9 10 ^ combustion meth °° to determine the surface carbon density Moreover practottaTe 

urad bv *S!22 ? above-mentioned second cmss-section located at a depth of 0.1 mmwas also nW ' 

ured by using ennssio n spectrochemlca. analysis, in addition, the structure of the base material (matrix) was conf iTmed 
[0104J These results are shown in Tables 10 and 11. 



Table 10 



Classification 


Type of Steel 


Heat treatment 
conditions 


Surface car- 
bon density 
(wt%) 


Carbon den- 
sity at depth of 
max.- shearing 

stress (wt%) 


Base material 
structure 
(wt%) 


Precipitate 
structure 


Invention 
example 31 


1A 


Hg. 9A 


10 


0.6 


Martensite 


M23C6 



50 



55 
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Table 10 (continued) 



5 


Classification 


Type of Steel 


Heat treatment 
conditions 


Surface car- 
bon density 
(wt%) 


Carbon den- 
sity at depth of 
max. shearing 

stress (wt%) 


Base material 

"Quo 1 1 laici Idl 

structure 
(wt%) 


Prorinlt ait* 

structure 




Invention 
example 32 


1C 


Fig.9C 


1.0 


1.0 


Martensite 


M^jCe 


10 


Invention 
example 33 


ID 


Fig. 9D 


0.6 


0.6 


Martensite 


M^Cg 




Invention 
example 34 


1A 


Fig.lOE 


1.1 


0.7 


Martensite 


M 2 3Cg 


15 


Invention 


1A 


Rg.10F 


1 -1 


0.5 


Martensite 


M 23 C 6 




Invention 
example 36 


1A 


Rg.10G 


1.0 


0.6 


Martensite 


M23C6 


20 


Invention 
example 37 


1E 


Fig.9C 


0.4 


0.4 


Martensite 


M^Cg 




Comparative 
example 21 


IB 


Fig.9B 


1.1 


0.7 


Martensite 


M 3 C 


25 


Comparative 
example 22 


1F 


Rg.9C 


1.8 


1.8 


Martensite 


M^Ce + M3C 



Table 1 1 



Classification 


Precipitate 
mean particle 
size (pm) 


Carbon surface 
area ratio in 2 nd 
phase (%) 


Surface area ratio 
of 2 nd phase (%) 


Thrust test life 
(L50) (times) 


Roller pitting life 
(times) 


Invention exam- 
ple 31 


0.25 


15.8 


81 


8.8x10 7 


Surpassed 10 7 


Invention exam- 
ple 32 


0.17 


17.9 


52 


8.1 x10 7 


Surpassed 10 7 


Invention exam- 
ple 33 


0.18 


12.4 


22 


7.2x1 0 7 


Surpassed 10 7 


Invention exam- 
ple 34 


* 0.16 


23.1 


35 


7.9x1 0 7 


Surpassed 10 7 


Invention exam- 
ple 36 


0.19 


18.8 


23 


8.9x1 0 7 


Surpassed 10 7 


Invention exam- 
ple 36 


0.20 


20.1 


19 


9.1x10 7 


Surpassed 10 7 


Invention exam- 
ple 37 


0.19 


2.0 


2 


5.3x1 0 6 


Surpassed 10 7 


Comparative 
example 21 


3.80 




0 


2.1X10 7 


Surpassed 10 7 


Comparative 
example 22 


4.20 


22.2 


55 


3.4X10 6 


Surpassed 10 7 



21 



EP 1 070 760 A2 



[0105) As Is clear from the results shown In Tables 10 and 1 1. after performing carburizatlon treatment on the Cr- 
content steel so that the surface carbon density is within the prescribed range, namely 0.6 to 1.5%, with respect to the 
test piece (high bearing pressure member) of invention example 31 , and not performing carburlzation treatment on steel 

ZT^lZLT'!! £ C ° ntentS °' Cr and C W,th respect ,0 the ,est pieces °' lnventlon axam Ples 32 and 33. carbide 
s was Precipitated by holding at a temperature having for Its upper limit temperature T <«C) calculated based on equation 

# m f ? Bt me austenlte re 9 ion temperature of 850-C, quenching and tempering were performed, as a result 

of which a blphaslc structure was formed in which a second phase was formed al a range of from 20 to B0% wherein 

Tj^nJUfnl^ ° 3 u We haV ' n9 B mean Partic,e Si2e 01 03 um or ,ass was Precipteted at a surface area ratio 
of about 10 to 20%. and both pitting life and rolling fatigue life were confirmed to be drastically improved. 

wl C !!o «,^ rtherm T , . Undef ,he h6at ,reatment conditions shown in Fig. 90 epplied to invention exemple 33. there 
c^rbMbn^? f ,0 " Step ° bsen ' ed in whtah the temperature is temporarily held at a low temperature following 
S , n '"J 50 ^™ wlth other haat ^^ent conditions. However, in invention example 33. since the 

IrtiS 1 222 ^ I t 9 WaS USed f0r the material steel - upper ,irn,t denature T for carbide pre- 

eq " a,l ° n T W hlgh at 10629 ' C - Consequently. M 23 C 6 -ty P e carbide (with some M^C-type 
™2 prec,pltated durina tha «" a temperature was held at the austenlte temperature of 850'C for 

Si^SSlST" * T 9 k 6X061,801 C ° ,d hafdn6SS and t^per softening resistence as well assatisfactory prt- 
rjSSS 906 " ° ther W ° rdS ' the h8at trea,n1e^, in ,nven,lon exam P ,e «• ma «»bWe precipitation step 

S a t?t? etempe h ? ture is held at a temperature havingforfts upper limit temperatureTwas performed while oveJ 
lapping with the quenching temperature of 850°C. 

fl^rlL rr!£?!I ^ ! nV ? ,i0 " 6Xamp ' e 341 Slnce carburba t'on treatment was performed under conditions such that 
n^,™L2 dWus ' on l l efT 'P erature Td CC) to carburlzauon temperature Tc (-C) was 1.1 followed by temporarily 

Sftated rtS^Z « 1 SUbj6 f d t0 968 000,1,19 (C0O,,n ° rate: 80 ° C/min ) ' 9 ra,n bo ^ r -*"» was not 

♦ - 9 .f. *T? 8 8 StrMCtUrB formed ,n whicn MzaCe-type carbide was finely dispersed, result- 
bXa ten t^S, *? 8 Plt ^? 8tren9tn 6nd ro,,in 9 fet, 9 ua length. In Invention example 35. aL performing car- 

2^SSL^' ! . n ° Qnd Preclpltatina cart >We for 5 hours at 650»C. the temperature was raised to the 

££££ m rzrtriL ^°° c to T d by quench,n9 and ,6mpering - * a a — «* 

3^ fl „H ttTw ^ Hi ^T* ,nVent '° n eXample 34 in wh,cn carburizatlon and diffusion were followed by gas 

' f frittin9 Strength and rollln 9 fati 9 0e rtw B* wera e'milarty obtained 
naLa ^LJl2SSL ta inV6 !l U0 r 6Xamp,e 36 ' cart,onitr,d,n 9 waa Performed by introducing ammonia gas Into the fur- 

M^SS^ZSf" ,8mP0r ! rlly ° Uen0hin9 ' n °" * 60 ° C> «™*"*» quenching and tern- 

omln b^nlr! ^, ,! ^w" 8 ' T^' M a resu,t - * da monstrated that there was similarly no precipitation of 
fi^LiZ . - L rt " de ° n the r0 " lng SUrf8Ce> 8 structure ,a stained in which M^-type carbide was finely 
dispersed, and that stable pitting strength and rolling fatigue strength are obtained. 

Embodiment 5 

™ ?2h F ° r9 'r 9 f °i l0Wed r ° Ugn macn,n,n 9 were Performed on steels 1 A. IB and 1 F of steels shown in Table 9 so 
Soush!v7Z^ 

foreeda^uoh^Xhr^ 3 8 , h ° Wn J n !' 9 ' ?,and ^ 8A 8 " d 8B " Thereaf,Gr ' haat trea 'm a "t was performed Z 
S recSnoute Z.I„ o 8 fh t 8 Und6r ,h8 COn0lt, ° nS Sh0W " in Rgs - 9A ,nrough 1 «3- Shot-peening wes performed 
terpo 5 ion 0,tne inner d,a meter hole at the apex of the disks (portion F in Fig. SB)" and at the rectangular 
£2 1 !™: d,ame,er h0,e »" ^e bearing groove of power roller inner ring 16 (portion D in Fig XoISSSh 
SS3" ^.T" 9 f m ° Se P ° rtl0nS ° ther th8n 108 8it8S at which a "ot-peening was performed . - - 9 With -. 
wLre imhS' ^ °w 8nd ° UtPUt d,SCS 13 a " d 14 8,0ng Wi,n inner and ou,er ""9 s 16 and 17 of power roller 15 
were combined, and an endurance test was performed using the toroidal continuously variable transmission boxVhown 

ice"?el^ 

uldlS!^ S) 8eparation or cracki "9 waa made. Additionally, the rolling fatigue life of discs 13 and 
4 and power roiler inner ring 16 was derived from the test results of the above-discussed rolling fatigue lest. 
EL 1 • » IT' 88 8h ° Wn Table 12 ' ,ne ro,,, "9 otements in invention exemples 38. 39 and 40 (these resoec- 

Sol^ h ; COmb,na ' i0nS °' 5,661 ,yp8S 8nd heat ,reat^1e " , condito " s - ^ntter Te^mZ 3^34 ano 36 
n J^J 0 ,! ^i } 8 8 rUCtUre in Wh ' Ch M 23C 6 -type carbide was precipitated. Consequently, since the temper ha«N 
rS: 9 C0nt8C t t h surfacais hi 9" . 'here is resistance to p.astic deformation even al high contact bealg pres- 
55 ZTlAJ2S^^ 9 temper bareness even a, the .ocation of .he depth of maximum shearing stress, 
here s l-nl ^ptteHity to the occurrence of structural changes caused by rolling fatigue, thereby resulting in long life. 

wi h The co^bina« on h o ^ ^ 6 ' 6m6mS '° exa mp'es 23 and 24 (these coincide 

« sines m °' 8,ee,,ypes and heat foment conditions of comparetive examples 31 and 32 in Embodiment 
4). since M^Ce-type carb.de is not precipitated, there is increased susceptibility to plastic deformation at high contact 
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bearing pressures, and separation was confirmed to occur easiiy. 
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Embodlmunt ft 



70 



75 



[01 1 3J After performing lathe turning and gear cutting uslno steels iair q „,«,«t. 

manner as Embodiment 5. heat treatment was oerformid nn fal 1 d 1F shown >" Tab <e ? <" the same 

Embodiment 5 followed by shot-peenlW «eel by combining with the same conditions as 

t0114, Anan».* W ,ngLtwasth^ 

drtions of a Hem bearing pressure at the gear pitting poim^O(S,S„? ST ^ ,asterbased »"«"* «=on- 
transmission fluid for the oil type and an o I tenwmST ?i iloi pS. m 9 r0ta " n9 8p68d ° f 1000 au,omatta 

finely dispersed and high hardness was nMMM^^^^^S^^K*^ "»fiW cart > ,da «~ 
other hand. In the case of the gears produced laccTrdl^ Z 9 ' P " 9 " fe ' mpTOVed "'"siderably. On the 

nations of comparative examp.es 3 , lZ £ S2£ a TS ^ t^'* 8 25 a " d 26 (ec)ulvalent to ,he c °"*'- 
M^-type carbWe. tempaTrLnass Si^225^^ StrUCt ° re did Cwrtaf " >™»™9» - 
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*c height Indfcates Intensity of shot-peenlng and corresponds to heigh, of werp of thln sheet undershot-^ 



described above will occur to those skilled In t 7 rt | n n D S, th ^ a " d Varlatlons °' »• embodiments 
defined with reference to the following claims 9 ,he abWe teachi "9 s - The scope of the .Invention is 

is Claims - 
i • A high bearing pressure-resistant member comprising 

3" Mm or less, dispersed and precXe^fo™ 0 2 2? f "'"9carb.de having a mean particle size of 
cerbide including M^-type caSe °" e °' 9en6ra,,y Sphere and P s «"^-sphere. said 

^ttszsttjssz ±;tssi- r r hanfca ' s,ruc,urai s,eei a - 

a matrix having at least one of martens,. ^^Z ^rTT"™' 3 seco " d P h «e region including 
mean particie size of 3 (l m or te£ jl^?Z T^ZhTT"^ «»"«'*■» having a 

pseudo-sphere. Versed and prec,p,ta,ed m form of at least one of generally sphere and 
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A high bearing pressure- resistant member as claimed In Claim 2, wherein said second phase region Includes car- 
bide which contains M^Cg-type carbide containing at least Cr, dispersed and precipitated In the second phase 
region. 

A high bearing pressure-resistant member as claimed In Claim 2, wherein a surface area ratio of the second phase 
region at a site subjected to rolling fatigue due to rolling contact and sensitive to a surface origin separation is within 
a range of from 3 to 1 00% at a uppermost surface of said mechanical structural steel. 

A high bearing pressure-resistant member as claimed in Claim 2, wherein a surface area ratio of the second phase 
region at a site subjected to rolling fatigue due to rolling contact and sensitive to a surface origin separation is within 
a range of from 50 to 80% at a uppermost surface of said mechanical structural steel. 

6. A high bearing-pressure resistant member as claimed In Claim 2, wherein a surface area ratio of the second phase 
region at a site subjected to bending fatigue by a repetitive load of bending stress is go% or less at a uppermost 

15 surface of said mechanical structural steel, wherein shot-peening is performed at the uppermost surface. 

7. A high bearing pressure-resistant member as claimed in Claim 6. wherein the surface area ratio of the second 
phase region at the site subjected to bending fatigue by a repetitive load of bending stress is 30% or less at the 
uppermost surface of said member, wherein shot-peening is performed at the uppermost surface. 

A high bearing pressure-resistant member as claimed in Claim 2, wherein a surface area of the second phase at 
the site subjected to rolling fatigue by a repetitive load of shearing stress caused by rolling contact is 3% or more 
at a surface layer extending from a surface of said material member to a depth location where a maximum shearing 
stress occurs. 
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9. A high bearing pressure-resistant member as set forth in claim 8, wherein the surface area ratio of the second 
phase at the site subjected to rolling fatigue by a repetitive load of shearing stress caused by rolling contact Is 50% 
or more at the surface layer extending from the surface of said material member to the depth location where the 
maximum shearing stress occurs. 

10. A high bearing pressure-resistant member as claimed in Claim 3 f S is contained in an amount of 0.01% by weight 
or less relative to weight of said mechanical structural steel. 

11. A high bearing pressure-resistant member as claimed in Claim 3. wherein said carbide is dispersed and precipi- 
tated at a surface area ratio ranging from 0.3 to 30% In the second phase region. 

12. A high bearing pressure-resistant member as claimed in Claim 10, wherein nitrogen is contained in solid solution 
in an amount ranging from 0.01 to 0.5% by relative to weight of said material member, at least a location from a 
surface of said high bearing pressure-resistant member formed before grinding to a surface of said high bearing 
pressure-resistant member formed after grinding. 

13. A high bearing pressure-resistant member as claimed in Claim 2, wherein said mechanical structural steel contains 
Cr in an amount ranging from 1 .2 to 3.2% by weight and Mo in an amount ranging from 0.25 to 2.0% by weight 

14. A high bearing pressure-resistant member as claimed in Claim 13, wherein nitrogen Is contained in solid solution 
in an amount ranging from 0.01 to 0.5% by weight relative to weight of said high bearing pressure-resistant mem- 
ber, at least a location from a surface of said member formed before grinding to a surface of said high bearing pres- 
sure-resistant member formed after grinding. 

15. A high bearing pressure-resistant member as claimed in Claim 13, wherein sulfur is contained in an amount of not 
more than 0.01 % by relative to weight of said mechanical structural steel. 

16. A high bearing pressure- resistant member as claimed in Claim 2, wherein said carbide at least at a cross-sectional 
surface of said mechanical structural steel located at a depth of the occurrence of maximum shearing stress 
caused by rolling contact is dispersed and precipitated in a surface area ratio ranging from 0.3 to 30%. 

17. A high bearing pressure-resistant member as claimed in Claim 1 6, wherein said steel has a surface carbon density 
at a site subjected to rolling fatigue caused by rolling contact, within a range of from 0.6 to 1 .5% by weight. 
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18. A high bearing pressure-reslstant member as claimed in Claim 2, wherein a carbon density at a site subjected to 
rolling fatigue by a repetitive load of shearing stress caused by rolling contact is 0.5% by weight or r 



' more. 



1 9. A high bearing pressure-resistant member as claimed In Claim 2, wherein said member is a rolling element forming 
part of a toroidal continuously variable transmission. 

20. A process of producing a high bearing pressure-resistant member, comprising: 

performing a carburlzaUon treatment on a material member formed of a mechanical structural steel containing 
Cr so that a surface carbon density of said mechanical structural member is within a range of from 0.6 to 1 .5% 
by weight; 

precipitating carbide by holding the carburized material member at a precipitation temperature Tp f>C) having 
an upper limit temperature T (°C) calculated according to a first equation: T = 675 + 120 • Si(%) - 27 • Ni(%) + 
30 1 • Crt.%) + 21 5 • Mo(%) - 400 • V(%) based components of the material member for a time shorter than a time 
t (hr.) calculated according to a second equation: t = i&*»VTp+w* ■ a» based on . sajd preci p itatton tem „ r . 
ature Tp (»C): and v 
quenching the carolde-preclpltated material member by rapidly cooling the carbide-precipitated member after 
holding the carblde-preclpltated material member at at least one of a Ac, transformation temperature and a 
temperature at which austenlte phase is formed. 

21 ' ^°L eSS " ctefcn * d ln Claim 20 - wnere!n «*» material member contains Cr in an amount ranging from 1.2 to 
3.2% y weight and Mo in an amount ranging from 0.25 to 2.0% by weight so as to have a surface carbon density 
is within a range of from 0.6 to 1.5% by weight, wherein said performing carburizatlon treatment Includes setting a 
carbon density ^at a site of a depth of occurrence of maximum shearing stress caused by rolling contact, within a 
range of 0.5% by weight or more. 

22. A process as claimed In Claim 21 , wherein a ratio (Td/Tc) of a diffusion temperature Td <<>C) after the carburizatlon 
treatment to a carburizatlon temperature Tc (»C) during the caiburization treatment is within a range of from 1.05 

2? * t™ 098 ?. 88 c !' lmed ln C,a ! m wherein 8 coo »ng «e in a transient time from completion of the carburization 
treatment to said precipitating carbide is 1 0"C per minute or more. 

24. A process as claimed in Claim 23. wherein nrtriding is performed on said material member simultaneous to or after 
completion of the carburization treatment 

25 ' frem^to 15%5 wJlgW Whefei " meChmicai structural st «' contains Crand carbon In a range of 

26 ' tZZTZZ. C,a,me ^ T. C ! aim 2 °' Wh8re,n the ,T,echanlca, s «~ctural steel contalne Cr in an amount ranging from 
to * 5%br wight 9 a " am ° Unt ran9ln9 ,r0m °' 2S to 2 0% by We,9ht ' an " ° a " am °" Unt ran9in9 from 0 6 

27. A process as claimed in Claim 20. wherein holding the carbide-precipitated material member at at least one of a 
Ac, transfoimation temperature and a temperature at which austenlte phase is formed also serves as said precip- 
itating carbide. r 

28. A process of producing a high bearing pressure-resistant member, comprising: 

performing carburization treatment on a material member formed of a mechanical structural steel containing 
cr so that said material member has a surface carbon density within a range of from 0.6 to 1 .5% by weight- 
precipitating carbide by holding the carburized material member at a temperature having an upper limit tem- 
perature T (°C) which is calculated from an equation: T = 675 + 120 - Si(wt%) - 27 • Ni(wt%) + 30 • Crfwt%> + 
215 • Mo(wt%) - 400 • V(wt%); and 1 
quenching the carbide-precipitated material member by rapidly cooling the carbide-precipitated member after 
holding the carbide-precipitated member at a temperature at which austenlte phase is formed. 

29. A process as claimed in Claim 28. wherein said mechanical structural steel contains Cr in an amount ranging from 
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milf M ° a " a T° mt ran9 ' ng *° m 0 25 10 2 0% ^ wei 9 ht - whe ^ln the carburizatlon treat- 

ed a ?k£E2L!2 f 8 C r S ' n9 K 8W T aterial member, ° have 8 carb0 " dens "y o* "«i »« than 0.5% by weight 
at a location of depth of said member where maximum shearing stress occurs caused by rolling contact. 

30 ' f JEXEilE US ST Whe , re ' n Sa ' d r Chantea ' StmCtUrB ' Stee ' C ° n,ains Cr ln an a ™»* ™9>"9 "™ 
to 15%'by wight ran9 '" 9 ' r0m 0 25 10 2 ° % by Wei9ht ' and C in an amoum I from 0.6 

31 * mem^e? * ^ Where ' n carburiza,, ° n frea «™"« P**™'"9 includes nftriding said material 
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FIG.1 




28 



EP 1 070 760 A2 



FIG.3A 
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FIG.4E 
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FIG.5J 
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FIG.7 
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FIG.9C 



650°C 



/ 



A 



5hr. 



850°C 

0- 

30mln. 60°C 
' * * ' OIL 



170°C 



HOLDING 
PRECIPITATION 



2hr. 

T 



TEMPERING 



FIG.9D 



850°C 




HOLDING TEMPERING 



38 



EP 1 070 760 A2 



1050°C 




60 e C 
OIL 



DIFFUSION \ HOLDING 

CARBURIZATION PRECIPITATION 



170°C 



fx 



2hr. 



TEMPERING 



1100°C 



FIG.10F 



930°C 



3hr. 



8hr. 




850°C 



DIFFUSION 
CARBURIZATION 




HOLDING 



PRECIPITATION 



170°C 



2hr. 



TEMPERING 



930°C 



12hr. 

T 



60X 
OIL 



C A RBONITRIDI NG 



FIG.10G 



850°C 



650°C 




LN 

Ihr. 60°C 
KttH OIL 



HOLDING 



PRECIPITATION 



170°C 



2hr. 



TEMPERING 



39 



EP 1 070 760 A2 



FIG.1 1 




FIG.12 




40 



EP 1 070 760 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 09 U 5487 



^^^^A^^^J^^^ *" m °» "~-P- European , Mroh ^ 

30-12-2003 



Patent document 
cited in search report 

JP 4ftflfi7ft97 a 


Publication 
date 


Patent turity 
memberfc) 


Pubtlcatbn 

date ! 



JP 09256105 



30-09-1997 NONE 



US 5650024 



22-07-1997 



CN 
DE 
DE 
EP 
W0 
JP 
JP 



1119878 A ,B 
69422028 Dl 
69422828 T2 
0688883 Al 
9518242 Al 
3386266 82 
7242935 A 



03-04-1996 
13-01-2000 
30-03-2000 
27-12-1995 
06-07-1995 
17-03-2003 
19-09-1995 



US 4023988 



17-05-1977 



CA 
DE 
6B 
JP 
SE 
SE 



1090620 Al 
2704287 Al 
1569951 A 
52095528 A 
434957 B 
7708977 A 



02- 12-1980 
04-08-1977 
25-06-1980 
11-08-1977 
27-08-1984 

03- 08-1977 



For more details about this annex : see OffidM Joume. ot the European Patent Office. No. 12/82 



3 



